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The foundation of this Project is use of the opportunity available

during the ISTP era to compare solar wind measurements obtained simultaneously by three
spacecraft - IMP 8, WIND and INTERBALL-I at wide-separated points.

Using these data allows us to study three important topics:
- 1) the size and dynamics of near-Earth mid-scale (with dimension

about 1-10 million km) and small-scale (with dimension about

10-100 thousand kin) solar wind structures;
-2) the reliability of the common assumption that solar ,_ind

conditions at the upstream Lagrangian (L1) point accurately

predict the conditions affecting Earth's magnetosphere;
- 3) modification of the solar wind plasma and magnetic field in the

regions near the Earth magnetoshere, the foreshock and the

magnetosheath.

Our Project was dedicated to these problems. Our research has made
substantial contributions to the field and has lead others to
undertake similar work.

This Final Scientific Report contents short descriptions of the results
and includs the lists of conference reports and published papers.,
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Reportof ResultsandProgress.

Ourresearchduringtheperiodof operation(November1999- July2002)
underthisgrantsupportwasverysuccessfulandcoincidedwellwith
theplanpresentedin theoriginalProposalSummaryin 1998.

Thefollowinginvestigationswereperformed:

1)We developedand checkedthe new methodof solarwinddata
comparison- thescatteringfunctioncalculations.
Theuseof this methodconfirmsratherwell the resultsand
conclusionsthatobtainedusingthelinearPearsoncross-correlation
procedure.
2)Wecontinuedcomparisonof IMP8, WIND, INTERBALL-1 solarwind
measurementscomparisonfornewdataintervalsanddevelopedahuge
statisticalbase(severalhundredthousandsof measurements).
3)We selectedcaseswithgoodcorrelationsbetweentwospacecraft
butpoorwiththethird,orwithpoorcorrelationsbetweenallthree
spacecraftandstudiedtheconditionsleadingto suchdifferences.

4) Wepreparedofdataanddevelopedcriteriato studythedependence
of correlationson the variousindependentfactors.
Multifactoranalysiswasusedto determinethe physical and
positioningfactorsthat controlthe solar windplasmaandIMF
correlations.
5)As the result of correlationstudyweobtained(forthefirst
time)anestimateof theaveragepersistencetimeandsizeof the
solarwindintermediate-scalestructures.
6)Selectionwasdoneof intervalswith simultaneousmulti-spacecraft
observationsin theundisturbedsolarwindandin theforeshockand
magnetosheathregions.
7)We studiedthelargesolarwindionflux variationsin theforeshock
andthemagnetosheathin thewiderangeof periods(fromsecondsto
hours).Thesevariationsarethemostimportantsolarwindmodificationnear
Earth and may play a significantrole in magnetospheric
disturbances.
8)A statisticalinvestigationwascompletedof sharpandlargesolarwinddynamic
pressurechangesthatareoftengeoeffectve.

9)Casestudyandstatisticalanalysisof theplasmacorrelations
whenlarge,sharpsolarwinddisturbances(pulses)arepresentusing
high-timeresolutiondata.Usetheseresultsto preparepragmatic
recommendationsfor spaceweatherpredictionusingupstream(atL1,
forexample)solarwindmonitordata.

10)Analysisof historicalandrecentdatato determinethepossible
solarcycleeffectontheplasmacorrelations.
11)Detail studyof solarwind modificationsin theforeshockand
magnetosheath,theirorigins,theirfrequencyspectra,therelations
betweenforeshockandmagnetosheathchanges,andtheireffectson
themagnetosphere.

Thedatabasefor ourstudywerethe long time seriesof solarwindmeasurementsfromIMP



8withtimeresolutionabout1 min., WIND with time resoltitionabout
INTERBALL-I withtimeresolution1sec.
TheIMP8andWINDdatawereavailablefor our work via our own

dataarchiveinMIT andthelargearchiveof spacedatainGSFC.
TheINTERBALL-I plasma(fromseveralinstruments)and magnetic

field dataareconservedinCentralSTDA Archiveof SpaceResearch
Institute(IKI)in Moscowandwerealsoavailable to the US
participantsontheProject.
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Thepragmaticbenefitof thisworkis thetestingof the concept
of monitoringthe solarwind(andIMF)ataratherdistantpoint
fromtheEarth(e.g., in thewell-knownfirst librationpoint (l_l)
approximately1.4millionkmtotheSunwardsideof Earth)touseas
inputdatafor studiesandpredictionsof theeffectof the solar
wind dynamicsonEarth'smagnetosphere.Suchmonitoringisamajor
partof thesystemof quick-looktrackingof "spaceweather".It is
thusespeciallyimportantto knowthe"levelof reliability"of such
predictions.
Oneseriouslimitationof the simpleideaof usinga distant

spacecraftto monitorthesolarwindis thatthesolarwindcanbe
changeddramaticallynearEarth'sbowshockin theforeshockregion.
This regionisobservedupstreamof thequasi-parallelpartof the
bowshockwhenmagneticfieldlinesconnectthespacecraftwith the
bow shockand is characterizedbyalargelevelof upstreamwave
activity, magneticfluctuations,andstreamingenergeticparticles
(duetoreflection/energizationatthebowshockor leakagefromthe
magnetosphere).
Theforeshockfeatureswereintensivelystudiedduringthepast20

years,butthisworkdealtmainlywithwavesandenergeticparticles
andnot withmodificationsof thesolarwinditself. Our
studyshowsthattherearelargeandfastvariationsof solarwind
ion flux (ordensity)in theforeshockandthesevariationsarein
phasewithmagneticfield variations.Thismodificationis important
becauseit changesthecharacterof thesolarwindwhichcrossesthe
quasi-parallelbowshock.

Thenext regionof solarwind modificationonitswayto the
magnetoshpereis themagnetosheath.Asshownduring
this Project,therearealotof solarwindvariationsin the
magnetosheath.Someof themoriginatein thesolarwindbut others
(maybethe majority)arecreatedin themagnetosheathitself. The
problemistheclarificationof thesetwo typesof plasmaand
magneticfield variations.
So,we comparedsimultaneousplasmaand IMF parameter

variationsin theundisturbedsolarwindandin theforeshockandin
themagnetosheathusingmulti-spacecraft(by two or betterthree
spacecraft)measurements.We also studiedthepropagationof
large(andextremelylarge)solarwindplasmaand IMF disturbances
throughtheforeshockandthemagnetosheath.Fromthisworkwe
obtainedanestimateof theeffectof solarwindmodificationsin the
foreshockand magnetosheathon the magnetosphericbehavior.
Accordingto ourresultsthis effectmaybeverysignificantandthus
geoeffective.
Thus,our researchhasapragmaticbenefitof increasing



thereliabilityof forecastingmodelsfor spaceweatherpurposes.

Theresultsof our joint investigationwerepresentedin 30
reportsat internationalconferences(seethelist inpoint2)
andalso27commonpapershavebeenpublishedin or submitted
journalsandconferenceproceedings(seethelist inpoint3).

to

2. List of common conferences reports.

1. One report was presented at the International Conference

"Physics of Space Growth Points and Problems", Paris-Meudon,
France, January 2000.

2. Three reports were presented at the International Symposium
"From solar corona through interplanetary space into Earth's
magnetosphere and ionosphere: Interbali, ISTP satellites and

ground based observations", Kiev, Ukraine, February 2000.
3. One report was presented at the International Conference

"Problems of Geocosmos-3", Sankt-Petersberg, Russia, May 2000.
3. Two reports were presented at the International Conference on

"Space Weather Hazard" at Crete, Greece, June 2000.

4. Two reports were presented at the 33d COSPAR Assembly, Warsaw,
Poland, July 2000.

5. Two reports were presented at the International Conference "Intercomparative
Magnetosheath Sudy", Antalia, Turkey, September 2000.

6. One report was presented at the International Conference "Solar

Maximum", Pulkovo, Russia, September, 2000.

7. Two reports were presented at the International First S-Ramp Conference,
Sapporo, Japan, October 2000.

8. One report was presented at the Fall AGU-meeting, San Francisco,
USA, December 2000.

9. Two reports were presented at the International Conference
"Space Plasma Physics", Sheffield, UK, April 2001.

10. One report was presented at the Young Scientists Conference on
Astronomy and Space Physics, Kiev, Ukraine, April 2001.

11. One report was presented at the XXVI EGS- Assembly, Nice, France, May 2001.
12. One report was presented at the International Students

Conference WDS'01 "Physics of Plasma and Ionized Media", Prague,
Czech Republic, June 2001.

13. Three reports were presented at the Russian Conference "Physics of solar-terrestrial
relations", Irkutsk, Russia, September 2001.

14. One report was presented at the Fall AGU-meeting, San Francisco,
USA, December 2001.

15. Two reports were presented at the COSPAR Colloquium "Near-Earth plasma processes -
project INTERBALL and behind", Sofia, Bulgaria, February 2002.

16. Three reports were presented at the XXVII EGS- Assembly, Nice, France, April 2002.
17. One report was presented at the International Students Conference WDS'02

"Physics of Plasma and Ionized Media", Prague, Czech Republic, June 2002.
18. One report was presented at the COSPAR Colloquium "Geotail, 10 'h anniversary",

Sagamihara, Japan, July 2002.



Totally30reportswerepresentedat 18Conferences.
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son,Estimationof solarwind plasmacorrelationlength
usingmultipointmeasurements,Proceedingsof Intern.Sympi-
um"Fromsolarcoronathroughinterplanetaryspaceinto
Earthmagnetosphereandionosphere:Interbali,ISTPsatelli-
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